INTRODUCTION
The Institute of Medicine identified care coordination as one of 20 national priorities to improve the quality of healthcare. 1 Growing specialization and fragmentation of healthcare for patients with complex chronic conditions highlights the need for improved coordination between patients, providers, and both formal and informal caregivers. A key component of care coordination is efficient and accurate sharing of health information. However, timely and accurate communication between patients, their caregivers, and their multiple healthcare providers is often lacking, thereby jeopardizing patient safety and increasing healthcare cost. [2] [3] [4] [5] [6] [7] In an international study of the healthcare systems in six countries, the USA fared the worst in care coordination, with 33% of patients reporting that either records did not reach the doctor's office in time for an appointment or doctors ordered an unnecessary medical test that had already been done. 8 The US Office of the National Coordinator for Health Information Technology (ONC) promotes the expansion and use of electronic health records (EHRs) to address gaps in communication and care coordination. The ONC has specified core objectives for the meaningful use of EHRs, 9 which include providing patients 'with the ability to view online, download, and transmit their health information within four business days of the information being available to their eligible provider.' In response, many healthcare organizations have implemented the Blue Button feature as part of online patient portals. 10 11 Blue Button is a registered service mark of the US Department of Health and Human Services and is most often indicated by a clickable blue circle on the online patient portal home page. The Blue Button allows patients to access components of their EHR, such as past and future appointments, problem lists, allergies, medications, laboratory results, procedures, vitals, and immunizations. With Blue Button access, patients can view, download, or print their information to share with trusted others. The Blue Button feature is currently available in patient portals provided by both public and private organizations such as the Department of Veterans Affairs (VA), the Department of Defense, Centers for Medicare and Medicaid Services, and United Healthcare Insurance. Hundreds of other organizations have also pledged to participate. 12 VA deployed the Blue Button on August 29, 2010 as part of its online combined personal health record (PHR) and patient portal, My HealtheVet (MHV). Recent research reveals that a large portion of Veterans also seek care outside of the VA system, making information sharing and care coordination especially critical for them. The 2011 Survey of Veteran Enrollees' Health and Reliance upon VA indicated that 77% had alternative healthcare coverage. 13 Results from another recent survey of Medicare-eligible Veterans revealed that, among respondents who reported obtaining medications from non-VA pharmacies, 38.4% reported never discussing those medications with VA physicians. 14 There is a small but growing literature exploring which patient, provider, and technology characteristics predict positive attitudes towards online patient portals. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] Both race and socioeconomic status have been associated with PHR adoption, 17 24 25 although not all studies find minority status to be a barrier. 30 The relation between health status and adoption has been mixed, with one study reporting that positive health predicts adoption, 28 while another found that high medical comorbidity was positively associated with use. 29 Emani et al 17 used Rogers' Diffusion of Innovation Model 31 and found that concepts such as ease-of-use or perceived value differed significantly between PHR users and non-users. Patients who have full access to the doctors' notes in their medical record report high satisfaction and little resulting distress. [32] [33] [34] [35] Although these studies provide important insights into user characteristics and meaningful use of patient portals, they did not explore patientinitiated sharing of health information.
Prior to the launch of the Blue Button, two online surveys were conducted to examine the use of MHV for information sharing. Veterans reported high interest in using MHV to share information with family caregivers and non-VA providers, yet only a small percentage (4%) had actually done so. 36 37 The following study is based on this prior work in MHV and in patient portal adoption in general. It used a technology adoption model comparable to the one used by Emani et al 17 to inform the development of an online survey of MHV users. This survey aimed to characterize users of the Blue Button, its perceived impact on their health, and its role in information sharing with non-VA providers.
METHODS

My HealtheVet
VA's national online patient portal PHR, MHV, was launched in 2003. MHV enables VA patients who have verified their identity and achieved 'premium account' status to view information from their VA EHR. MHV has gradually added functionality including current and past medications, refilling VA medications, laboratory results, scheduled appointments, wellness reminders, and secure messaging with healthcare teams. As of January 2014, the MHV PHR portal has more than 2.6 million registrants (37% of the VA patient population), with more than 1.4 million VA patients having authenticated to a premium account (25% of the VA patient population).
At the time of this survey, March through May 2012, the VA Blue Button feature provided Veterans with an electronic file of their self-reported information (eg, self-entered medications and supplements), and VA patients with a premium account could also select EHR data including: VA appointments, laboratory test results, allergies, and prescription medication information. In January 2013, VA significantly expanded the Blue Button to include more types of information from the EHR, and added the VA Continuity Care Document (CCD), which summarizes key clinical data. More than 955 000 Veterans have used the Blue Button and downloaded more than 5.7 million Blue Button files.
Study population
Since October 2007, VA has measured Veterans' satisfaction with MHV using an online survey based on the American Customer Satisfaction Index (ACSI). 21 The ACSI survey is an industry standard for evaluating government and private websites. Data presented here originate from custom questions asked during the ACSI survey administered between March 12, 2012 and May 21, 2012 . A 4% random sample of the 2 705 131 people who visited four or more pages during the study period was invited to participate. Of the 41 237 who accepted the survey invitation (acceptance rate ∼38%), 25 155 answered the custom questions, resulting in a survey completion rate of 61%. To avoid duplicate respondents, all were asked if they had taken the survey in the previous 3 months, and the 4949 replying 'yes' were excluded from the analyses. An initial question asked all respondents about whether or not they had used the Blue Button feature of MHV. Respondents who did not answer this question (N=571) or endorsed 'not sure' (N=1237) were excluded, yielding a total sample size of 18 398.
Survey design and content
Survey questions were designed in collaboration with the MHV Program Evaluation Workgroup and the VA eHealth Quality Enhancement Research Initiative to address key domains related to: (1) barriers to and facilitators of Blue Button use; (2) impact of the Blue Button on health management; and (3) whether Veterans use the Blue Button for care coordination with non-VA providers. Based on participants' response to a question about Blue Button use, three main groups were segmented for analysis: (1) non-users, ie, MHV users who never used Blue Button; (2) past users, ie, MHV users who used Blue Button once or more, but had no plans to use it again; and (3) current users, ie, MHV users who use Blue Button and plan to continue to use it.
Multiple choice questions were based on the Unified Theory of Adoption and Use of Technology (UTAUT) of Venkatesh et al, 38 with response choices corresponding to key theoretical concepts. For example, when past and non-users were asked why they did not use the Blue Button, Veterans could respond that they (1) were not aware of the Blue Button (knowledge/awareness), (2) do not believe the Blue Button is useful (perceived value), (3) prefer to use other methods to keep track of health information (relative value), or (4) do not know how to use the Blue Button (usability). As many of the questions allowed multiple response choices, the total number of endorsements for response choices can exceed the total sample size for these questions.
The online survey also included questions about demographics, self-rated computer ability, whether the Veteran has a system for organizing health information (yes/no), the degree to which the respondent values having a record of personal healthcare on a 5-point scale, and self-rated health on a 5-point Likert scale. Self-rated health was converted into a dichotomous variable indicating 'good' to 'excellent' vs 'fair' or 'poor' health status. Age was grouped into five categories: 18-39, 40-49, 50-59, 60-69, 70-79, and 80 or more years. The survey did not include questions about race or income. Respondents could also indicate whether they had been diagnosed with various health conditions: high blood pressure, high cholesterol, pain, arthritis, diabetes, orthopedic problems, mental health problems, heart disease, lung disease/asthma, previous heart attack, cancer, ulcer or stomach disease, spinal cord injury, anemia or other blood disease, or heart failure. The study was reviewed by the local institutional review board and the local VA Research and Development Committee for secondary data analysis.
First, bivariate relationships between patient characteristics and Blue Button use were examined; then multivariate analyses were conducted. Patient demographics, self-rated computer ability, health status, use of a system for organizing health information, and the perceived value of access to health records were compared across the three Blue Button use categories using the χ 2 test. Use of the Blue Button by current users, specifically use related to care coordination with non-VA providers, was also examined.
Multivariate logistic regression models were generated to determine respondent characteristics that were independently associated with past and current Blue Button use. Similarly, a single multivariate logistic regression model was also generated for current users only to determine respondent characteristics that were independently associated with sharing health information generated by the Blue Button with non-VA providers. Preparatory stepwise regression was used to determine which of the 15 medical conditions was independently associated with Blue Button current users, or with sharing of Blue Button data with non-VA providers. Only those illnesses remaining in the preparatory model with a p value of 0.05 or lower were included in the final logistic regression models. All statistical analyses were conducted using SAS statistical software V.9.3. Table 1 presents the demographic, health and user characteristics for each user group. Of the total sample (n=18 398), 33%
RESULTS
Blue Button adoption
(n=5995) were current users, and 63% (n=11 671) had never used Blue Button (non-users). A small minority, 4%, (n=732) had tried the Blue Button at least once, but no longer used it (past users). Self-rated computer ability, a system to organize health information, and user's perception of the high value of having one's own health record showed the strongest bivariate association with Blue Button use.
Two separate logistic regression models compared current and past users with the non-user group (table 2) . ORs and 95% CIs were calculated to determine how each variable increased the odds of using the Blue Button. Age categories and self-rated computer ability were treated as ordinal variables because each category represented an increase in either age or computer ability. When the 95% CI includes 1.0 within its range, the association is not statistically significant. These regression models revealed that computer ability and having a system for organizing health information yielded the largest ORs in both models. When comparing current users with non-users, the odds of using the Blue Button increased 60% for each incremental increase in self-rated computer ability. The odds of using the Blue Button increased 38% if the veteran reported having a system for organizing his or her health information. Age was not associated with Blue Button use. Non-users were asked to select the reason(s) they did not use the Blue Button from a list of response choices. The majority (61.3%) indicated that they were not aware of the Blue Button. Those who were aware of the Blue Button stated that they did not use it because they did not know how (34.4%), they only use MHV for prescription renewal (26.0%), they preferred to use other methods to keep track of their health information (11.3%), or they did not know where the Blue Button was located (9.5%). The least commonly selected reason for not using the Blue Button was that the Veteran did not think it would be useful (9.0%).
Similar follow-up questions were asked of past users. Of these, 40% reported that, when using the Blue Button, they
could not find what they were looking for, 22% indicated that the information in the file/printout was not useful, and 17% reported that they did not know how to use it. In addition, 12% reported that the file or printout was too long, and 9% endorsed that they would rather use another way to store their health information. Table 3 presents the responses of current users to a series of questions characterizing their Blue Button use. When asked to rate their satisfaction with the Blue Button on a scale from 1 ('not at all satisfied') to 10 ('extremely satisfied'), 75.1% gave the Blue Button a rating of 7 or higher. The information that respondents were most interested in accessing included their laboratory results (71.4%) and current VA medication list (57.8%). Sharing the Blue Button printout or file was not common, with only 11.8% sharing it with a family member, 9.7% sharing it with a non-VA provider, and 5.7% sharing it with a VA provider. Laboratory results (79.2%) and the VA medication list (54.4%) were the most frequently endorsed type of information shared with care providers. Among current users, self-reported impact of the Blue Button was high (table 4), with 73.3% reporting that it helps them understand their health history better because it is all in one place, 72.2% reporting that it helps them monitor their laboratory results better, and 67.9% reporting that it makes it easier for them to give others important information about their health.
Current Blue Button users
Sharing of Blue Button printout with non-VA providers Table 5 addresses current users' Blue Button use in sharing health information with non-VA providers, with 43.9% reporting having a provider not affiliated with the VA. When asked how their VA and non-VA providers communicate, 52.4% reported 'I share information between them'. Options indicating that the providers are responsible for information sharing were endorsed far less frequently. One out of five (20.9%) current users who reported having a non-VA provider stated that they share Blue Button information with these providers. Of these, 68.2% thought their non-VA provider found it 'very helpful', and 19.2% found it 'somewhat helpful'. In a multivariate logistic regression analysis (table 6), the dichotomous outcome was use of the Blue Button for care coordination (=1) or not (=0), and the predictor variables were the demographic and computer use variables found in the first column. Use of the Blue Button for care coordination was most likely in patients with diabetes or lung disease, individuals who rated their computer ability higher, and those who had a system for organizing their health Table 4 Veteran-reported impact of Blue Button on quality of healthcare information. The odds of using the Blue Button for care coordination increased 68% for Veterans who had a system for organizing their health information.
DISCUSSION
In this survey of individuals who use the VA online patient portal, MHV, approximately one in three currently use the Blue Button to access, store, or share their health information. Of Blue Button users with a non-VA provider, one in five has specifically used this tool to share their information. Blue Button users reported that this feature yields a range of health benefits, including a better understanding of their health history because all information is in one place, greater ease of monitoring laboratory results, and improved understanding of medications. Use of the Blue Button for care coordination was most common among individuals with diabetes or chronic lung disease, and for patients who indicated that they had a system for organizing their health information. Laboratory results generated through the Blue Button was the information most likely to be shared with providers.
Non-use of the Blue Button is a function of patient lack of knowledge about the feature rather than patients not valuing it. Within the concepts explored from Venkatesh et al's 38 UTAUT, low knowledge appears to be the biggest barrier, but users also indicated usability as a significant obstacle. Even among respondents with the computer ability to use a patient portal and to respond to an online survey, 34% reported that they did not use the Blue Button because they did not know how, and 9% endorsed that they did not know where the Blue Button was on the site. Therefore, the Blue Button feature was even challenging to respondents with considerable computer ability. Notably, almost half of the non-users have a system for organizing their health information. This group may be more motivated than those without a system to adopt the Blue Button in the future if the VA clearly demonstrates the advantage of the Blue Button relative to the Veterans' current system.
Of current users who reported having a non-VA provider, 21% reported sharing the Blue Button printout with their provider. Although 21% is promising, it is hoped that a greater proportion of Veterans with non-VA providers will harness this tool's ability to improve care coordination. Given these results and prior usability research with the MHV site, 39 a redesign of the MHV website is in progress.
Reports from other patient portals and PHRs agree that usability and patient comfort navigating the site limits patient portal adoption. 16 17 19-21 40-45 Compared with other forms of successful consumer technology, such as smart phones or online banking, patient portals may require more concerted awarenessraising and educational efforts. Although people have had prior experience with phones and banking, it cannot be assumed that patients have had comparable prior experience reviewing and managing their medical records. Therefore, patients may need greater education about potential benefits and efficiencies of patient portals to promote meaningful use.
When asked how their providers communicate, respondents endorsed that they themselves were primarily responsible for sharing health information. Although several health information technology initiatives promote provider-to-provider communication, 2 46 47 patients are reporting that they are often the most important means of sharing information. This underscores the importance of the Meaningful Use Stage 2 Core Objective of providing patients with the ability to download and share their health information. Currently, VA and other healthcare systems are developing functionality that allows patients to transmit electronically a comprehensive health summary.
This study has several limitations. This was a voluntary online survey of MHV site visitors. Survey completion rates may have biased the sample in unknown ways. Race and income were not assessed, so the effect of these important variables is unknown. Another study limitation is that many of the outcomes were selfreported with no independent verification.
CONCLUSIONS
This study contributes to our understanding of the early use of the Blue Button and patient portals in patient health management and sharing of health information. Blue Button users value having all their health history in one place and the greater ability to monitor and share information, particularly laboratory results. Those who use the Blue Button value it and endorse high rates of satisfaction. The barriers to Blue Button use reveal that addressing usability issues and taking into account patient experience in interface design will be critical to continued adoption of this feature. 48 Finally, future work on the demonstrable impact of the Blue Button on health behavior and outcomes, both self-report and independently assessed, is needed to better quantify the value of patient-facing health information technology.
